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A rare form of obstructed total anomalous pulmonary
venous drainage is presented. A neonate with asplenia,
pulmonary atresia and complex congenital heart disease
also had drainage of the left lung forming a venous con-
fluence that proceeded in an intrapulmonary fashion
through the right lung. A hypoplastic pulmonary venous
channel then emerged from the right upper lobe leading
Total anomalous pulmonary venous drainage is usually as-
sociated with a common pulmonary vein draining both lungs
which empties into a systemic vein. Pulmonary venous ob-
struction may be an additional feature of the abnormal drain-
age pathway, from either extrinsic compression or intrinsic
narrowing of the vascular channel. This report describes a
case of total anomalous pulmonary venous drainage in which
all the pulmonary veins from one lung pass to the other lung
and proceed there in an intrapulmonary fashion. A small
vein emerges from the right lung that connects into the
systemic venous circuit. This type of drainage is associated
with asplenia, complex congenital heart disease and pul-
monary venous obstruction. From the review of the literature
and our own experience, we believe that this constitutes a
triad, although this type of abnormal pulmonary venous
return may occasionally occur alone, without asplenia and
complex congenital heart disease.
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to the superior vena cava. Pulmonary venous obstruction
was suspected on initial plain chest X.ray examination
and on angiography, which revealed the pulmonary ar-
tery to be larger than anticipated. Administration of
prostaglandin E. may allow augmentation of pulmonary
blood flowand angiographic definition of this association
in infants with asplenia complex.
Case Report
The infant weighed 3.3 kg after a full-term gestation.
Apgar scores were 6 and 9 at 1 and 5 minutes, respectively.
Cyanosis was noted at age 4 hours, and the infant was
transferred for evaluation.
Initial physical examination revealed an intensely cy-
anotic infant with a pulse of 160 beats/min, respiratory rate
of 80/min and a blood pressure of 60 mm Hg systolic in
the right arm. The lungs were well aerated, no murmur was
appreciated and the pulses were normal. The electrocardio-
gram revealed a mean QRS axis of 90° with a monotonous
RlS progression across the precordium. A chest X-ray film
showed a midline stomach, mesocardia, normal heart size
and marked pulmonary venous congestion (Fig. 1). The
echocardiogram demonstrated a single great artery, a large
ventricular chamber and a large single atrioventricular (AV)
valve. With the infant breathing 100% oxygen, the arterial
partial pressure of oxygen (Po 2) was 20 mm Hg. The as-
plenia syndrome was suspected.
Findings at cardiac catheterization were consistent with
pulmonary atresia, ductal supply of the pulmonary circu-
lation, single ventricle and single (AV) valve. The pul-
monary artery appeared somewhat larger than usually seen
in infants with pulmonary valve atresia, suggesting the pos-
sibility of obstruction to pulmonary venous emptying. The
pulmonary venous return was not visualized, however, be-
cause of low pulmonary blood flow.
At operation, the pulmonary artery was felt to have in-
creased pressure, but a Potts anastomosis was performed.
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There was no increase in oxygenation and the infant died
8 hours later.
Postmortem examination. The heart was not enlarged .
The surgical anastomosis was patent. The base-apex axis
pointed toward the right and downward. From the base two
vessels emerged, a larger aorta situated anteriorly and to
the left and a smaller pulmonary trunk posteriorly and to
the right. The mutual relation of the chambers was as fol-
lows: the left atrium was situated to the left and anterior.
and the right atrium to the right and posterior. The left atrium
communicated with the right ventricle, which was situated
to the left and anterior (Fig. 2A) . The right atrium com-
municated with the left ventricle, which was situated to the
right and posterior (Fig. 2B).
The right atrium received the superior and inferior venae
cavae but no coronary sinus. There was a large atrial septal
defect of the fossa ovalis type. A common AV orifice of
the complete type was present (Fig. 2A and B). The right
side of this orifice was larger than the left.
The left ventricle was a small chamber of average thick-
ness with no vessel emerging from it. The pulmonary trunk
proceeded to the base of the heart but did not enter the heart.
The left atrium did not receive the pulmonary veins . The
right ventricle was smaller than normal with a markedl y
thickened wall. From this chamber emerged the aorta (Fig.
2C). and there was a right aortic arch with a right ductus
arterio sus.
There were four lobes in the right lung and three in the
left lung. The venous drainage from these lungs was ab-
normal (Fig. 2A and 3). A vein proceeding from the left
upper lobe passed downward to join a vein proceeding from
the middle and lower lobes. A common vein was thus formed
that proceeded horizontally to the right lower lobe. This
Figure l. Anteroposterior chest radiograph at age 6 hours. The
stomach bubble and heart are in the midline. Pulmonary venous
congestion is evident.
joined all the veins from the right lobes to form a vein
passing in the intrapulmonary tissue to the right upper lobe .
From this upper lobe , a small vein proceeded to the right
superior vena cava. This pulmonary vein was narrowed in
the middle of its course. Distal to this narrowing there was
a pouch measuring I em connected to the vein.
Asplenia was present with total situs inversus abdominalis.
The main pathologic diagnoses were: I) mixed (discor-
dant) dextrocardia (atria situs solitus, pivoted , ventricles in
mirror -image, I-loop); 2) total anomalous pulmonary venous
drainage into the right superior vena cava with obstruction
and aneurysm formation, and 3) complete inverted trans-
position with pulmonary atresia and common AV orifice.
complete type.
Discussion
Total anomalous pulmonary venous drainage is ordinarily
associated with a common pulmonary vein that drains both
lungs and enters into one of the systemic veins (1-5). In
our case , however. the pulmonary veins draining the left
lung entered into the right lung and proceeded in an intra-
pulmonary fashion to the upper part of the right lung . From
the right upper lobe , a vein drained into the superior vena
cava . This was associated with asplenia, mixed discordant
dextrocardia. common AV orifice and complete inverted
transposition with pulmonary atresia.
Other cases. We have seen two other cases with this
type of drainage, one with aspleni a and complex congenital
heart disease . The other case was without asplenia and the
venous abnormality constituted the only anomaly. Four other
cases (2,6,7) have been reported, three with asplenia and
complex congenital heart disea se. It would therefore appear.
as previously intimated by Sutherland et al. (6), that this is
a triad with occasional exceptions . Obstruction to the pul-
monary venous return usually occurs with this triad. We are
not including in this category cases of mitral atresia or cor
triatriatum sinistrum with obstructed pulmonary venous re-
turn but normal entry into the left atrium (9).
Embryology. As has been previousl y noted (6,7 ). the
embryologic variant in this type of venous drainage seen in
our case probably occurs in a very early stage of embryonic
development. The tracheobronchial tree and lungs are orig-
inally given off from the embryonic alimentary tract. At
this time. the primordia of the lungs are represented by one
mass of tissue that derive s its blood supply from the new
splanchnic plexus. As this tissue divides into two parts, the
blood supply becomes separate for each part. We may pos-
tulate that, as in our case , this separation does not occur
and results in various types of intrapulmonary connections
between the two lungs , and abnormal connections within
each lung.
Likewise, early in life, the splanchnic plexus drains with
the cardiac and umbilicovitelline systems of veins. Only
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Figure 3. Diagrammatic view of the pulmonary venous circula-
tion. Arrowspoint tothedirection ofblood flow . CPV = common
pulmonary vein (horizontal vein); LL = left lung; RL = right
lung; RSVC = right superior vena cava.
Figure 2. Heart at autopsy. A, Left atrial-right ventricular view.
B, Right atrial-left ventricular view . C, View of outflow tract of
right ventricle. AO = aorta; ASD = atrial septal defect, fossa
ovalis type; CAVO = common atrioventricular orifice; CB =
communicating vein between left upper and left lower pulmonary
vein; L = limbus fossa ovalis; LA = left atrium; LLPV = left
lower pulmonary vein; LUPV = left upper pulmonary vein; LV
= left ventricle; PB = parietal band; RA = right atrium; RV =
right ventricle; 5B = septal band.
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Role of prostaglandin E] infusion. Unmasking total
anomalous pulmonary venous drainage in an infant with
asplenia syndrome may be facilitated by prostaglandin E(
infusion, as noted by Freedom (10) . Augmentation of pul-
monary blood flow caused by dilation of the ductus arter-
iosus may permit an increase in arterial P02 and allow an-
giographic determination of the site of pulmonary venous
return. Total anomalous pulmonary venous drainage com-
plicating complex cyanotic congenital cardiac disease should
be considered when a successful systemic to pulmonary
artery shunt precipitates congestive heart failure and radi-
ographic evidence of pulmonary venous obstruction (11,12).later does a protrusion from the sinoatrial region of the heart
make connection with the developing pulmonary venous
system. We may speculate that some type of original con-
nection remains with the cardinal system, with an absence
of an outpouching from the sinoatrial region; hence, drain-
age of a new pulmonary venous system into the superior
vena cava results.
Pulmonary venous obstruction. The pulmonary ve-
nous obstruction encountered in this case occurred both in
the intrapulmonary portion of the right lung and externally
in the vein draining into the right superior vena cava. This
type of pulmonary venous obstruction could have been pres-
ent in utero and accounted for the findings of pulmonary
venous congestion on the initial plain chest X-ray film at 6
hours of age. Moreover, despite the diminution of total
pulmonary blood flow because of the coexisting pulmonary
valve atresia, the obstruction was still severe enough to
cause unusual dilation of the pulmonary artery noted on the
angiographic studies before surgery.
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